Introduction
Minor surgeries in gynecology encompass a broad range of procedures with goals to range from diagnosis to treatment. In the United States, minor surgeries are among the most common gynecologic procedures, whereas in low and middle-income countries (LMICs), minor procedures are less commonly performed. The reasons for this discrepancy are complex and include a lack of access to care, finances, and adequately trained providers. One report estimated that one third to one half of the population of the world lacked access to basic surgical care [1] . A survey performed by Uganda's Ministry of Health showed that 44% of surgeries performed annually were Obstetrics and Gynecology (Ob Gyn) cases and 73% of these were performed on an emergency basis [2] . Physicians may not see patients with early premalignant and malignant lesions where minor surgery is the mainstay of diagnosis and treatment. Cultural beliefs in some LMICs can delay management of potentially curable cancers by preventing women from seeking early medical attention [3] .
The consequence of rarely performing minor surgical procedures leads to marginal surgical training experiences for specialists in women's care in LMICs. As medical infrastructure and access to medical care are built in LMICs, a rigorous training program to develop appropriate surgical skills in minor gynecologic procedures for trainees and junior faculty needs to be instituted. We review current literature on minor gynecologic surgery in LMICs and discuss available and effective training models.
Method
A PubMed search of English language papers from 1970 to the present time was performed using MESH terms cone biopsy, dilation and curettage, hysteroscopy, and LEEP linked to training and education. In addition, MESH terms gynecologic surgery, training, and developing and LMIC countries were searched. Statistics of minor surgical procedures among US Obstetrics and Gynecology Residency programs were tabulated through access to the publically available ACGME annual report [4] . We then searched for data of training programs and surgical statistics in low resource countries through both PubMed and also Google internet searches. Coauthors, (JN, FI, MF), who work at teaching institutions in Uganda (Mbarara University Teaching Hospital) and Bangladesh(Dhaka Medical College Hospital and Birdem Hospital) respectively contributed information about training curriculums in these countries.
Results

Review of Minor Surgery Training in the United States, Bangladesh, and Uganda
There are currently 242 residency programs in Obstetrics and Gynecology in the United States with a yearly average of 1221 graduating residents. There is a significant range of surgical experience for minor surgeries. Table  1 lists the minor procedures expected to be mastered in United States Obstetrics and Gynecology Residency programs as defined by the Council on Resident Education in Obstetrics and Gynecology [5] . There are twelve procedures ranging from the visual examination by colposcopy to laparoscopy. The 2012 national statistics for minor surgeries which are publically available on the ACGME website are summarized in Table 2 [4] . At four of the authors' current or previous institution (RMC, LSB, JO-A, AG), the combined Massachusetts General [4] . In contrast, there are no specific statistics for graduating residents for programs in developing countries. The general education and training for physicians interested in Obstetrics and Gynecology in Bangladesh and Uganda are summarized here. In Bangladesh, a five-year degree program after completion of secondary school leads to the degree of MBBS (Bachelor of Medicine and Bachelor of Surgery) [6] . The degree includes a mandatory year of internship where the student rotates through Medicine, Surgery, and Ob Gyn. Following graduation, the majority of new graduates practice general medicine. A fraction of graduates then apply for a Master's program to obtain further training in Obstetrics and Gynecology. Most Master's degree programs have a largely theoretical base of didactics and thesis requirements, of which hands-on surgical training is a rare component. As a result, the majority of one's surgical experience is gained after graduation, while in practice and without expert supervision.
In Uganda, a similar five-year program of medical education leads to a Bachelor of Medicine and Bachelor of Surgery degree (MBChB). The next year, the sixth year, is the year of internship (Junior House Officers) where as a mandate they rotate in the four major clinical disciplines of Internal Medicine, Pediatrics, Surgery and Ob Gyn. The majority of the graduates will practice general medicine after the MBChB degree [7] . Postgraduate "residency" education in Obstetrics and Gynecology involves three years of training leading to a Masters in Medicine degree (MMed). Not many medical doctors will enroll for the Residency program because it is quite costly and all Residents coming in to study are privately sponsored. Thus without a scholarship, it becomes almost impossible to enroll for residency. On average, residents will have practiced in the field for three years prior to initiating their postgraduate training [8] . The Ob Gyn Residency program in Mbarara University is structured in three phases according to the years of study. Each of these three phases involves a certain minimal skills acquisition in terms of both major and minor surgeries. Each of the Resident students is attached to a mentor who works hand in hand with them and sees to it that their skills logbooks are duly signed and recommends that this particular student is competent in certain minimum skills. Surgical procedures are performed during this postgraduate training; however the majority is emergency cesarean sections and hysterectomies.
Literature Review of Training in Minor Surgery
Given the paucity of published data regarding training programs and assessment of trainees in LMICs, a literature review was performed. We identified twenty-eight papers that focused on minor gynecologic surgery and surgical outcomes. Nineteen of these papers included information on training of residents. An additional sixteen papers focused on training techniques and simulation models for gynecologic surgery including four on colposcopic training, two models for D&C, nine on hysteroscopy, and one model for teaching LEEP excision.
Minor Gynecologic Surgery
A review of the international literature on experience with minor gynecologic procedures and training in these procedures reveals an eclectic mix of articles summarized in Table 3 .
Dilation and Curettage
Cervical dilation and curettage (D&C) is the most frequent gynecologic procedure in the United States. Both in the United States and internationally, it is indicated for the evaluation of abnormal uterine bleeding; to control dysfunctional uterine bleeding, relieve pelvic pain and dysmenorrhea secondary to cervical stenosis, to evaluate causes of infertility, and to evacuate products of conception. It is a simple procedure that can be performed in an outpatient setting. However, despite its prevalence in the US there are only a few publications from developing countries. One report from Thailand evaluated the use of intrauterine anesthesia in 66 patients and determined that effective analgesia allowed outpatient procedures [9] . There are a few publications from LMICs regarding the frequency with which this procedure is performed, training, and complication rates. A review from Jordan identified the leading factor for uterine perforation as being due to operator inexperience. Of 22 cases of perforation among 11914 women, 22 occurred from a trainee [10] . An analysis from Tanzania reported bowel perforation as the most common complication in D&Cs for abortion in inexperienced hands [11] . D&C has been taught and used as menstrual regulation in Bangladesh [12] . Another study from El Salvador noted that one of the barriers to use of vacuum aspiration for incomplete abortion was physician training [13] . Because of difficulty obtaining access to trained providers, a multi-country study in sub-Saharan African countries evaluated the use of the medicine misoprostol as an alternative to D&C [14] .
Hysteroscopy
Hysteroscopy, another common minor gynecologic procedure, is an effective diagnostic and therapeutic surgical tool for many gynecologic disorders [15] . One study from India found that indications for hysteroscopy in a cohort with a median age range of 36 to 40 years included menorrhagia in 30 % of cases, menometrorrhagia in 16%, oligomenorrhea in 16%, and postmenopausal bleeding in 2 % of patients. Intrauterine pathology was identified in 74% of these patients [16] . Hysteroscopy increases the yield on intracavitary intrauterine lesions whereas blind D&C alone can miss up to 70% of small focal lesions [17] [18]. This minor surgery requires more sophisticated equipment than D&C alone including a camera, a light source, and insufflating solutions. While this equipment has become routine in high resource countries, absence of supplies and the inability to repair equipment can be a limiting factor for treating those patients in LMICs [3] [19] . In Serbia, a prospective study of 2000 women demonstrated that the majority of cases (78%) were performed under intravenous anesthesia. Polypectomy and myomectomy were the most common intervention and cancers were identified in 0.2% of cases [20] . In Kenya, hysteroscopic surgery at a major regional hospital increased from 50 in year 2000 to 159 cases two years later. All surgeries were performed by senior faculty (consultants) and did not include doctors in training [21] .
Procedures for Preinvasive and Invasive Cervical Neoplasia
Cervical cancer, the leading cause of cancer death in low-income countries, has driven the major focus of low cost, preventative gynecologic care [22] . The see-and-treat approach with cryotherapy is useful for small cervical lesions [23] . Larger lesions require minor surgical procedures such as LEEP (loop electrosurgical excision procedure), cone biopsy, and even trachelectomy for fertility preservation [24] [25] . However as the majority of women present with late stage cervical cancer, training in minor surgery is minimal in these countries [26] . One retrospective study analyzed cases of clinically diagnosed cervical cancer managed at a state teaching hospital in Nigeria over six years [27] . Almost forty percent of women with cervical cancer had stage three diseases and seventeen percent had stage four diseases. Thirty percent of patients were lost to follow-up prior to staging.
Doctors-in-training had no exposure to minor surgeries, fertility sparing treatments, and radical surgery for which there is a paucity of data in the developing world. In 2000, the experience of two regional hospitals in Zimbabwe was summarized. One hundred ninety-six women with cervical cancer, with a median age of 47 years (range 24 to 80 years) were identified. Eighty percent had advanced disease and were treated with radiation therapy. None of the women had ever been screened for cervical cancer [28] . Ten years later, the experience with ten women aged 35 to 60 years who underwent type III radical hysterectomy for stage Ib cervical cancers was reported [30] . Three patients had adjuvant teletherapy (one was stage IIb, diagnosed intra-operatively). There have been no recurrences. One case was complicated with rectovaginal fistula and another had bilateral lymphedema and left lower limb sensory neuropathy. The authors conclude that definitive surgery for early cervical cancer is feasible in developing countries despite limited resources [29] . An examination of inappropriate surgery such as hysterectomies and even D&Cs by untrained practitioners reported on a high rate of complications, recurrence, and death and reinforces the urgent need of surgical training programs in developing and undeveloped countries [30] .
Important consequences to young women who are not offered minor surgery is loss of their fertility particularly when they may have lesions than can be cured by cone biopsy [31] and greater risks of postoperative complications by undergoing major surgery. While colposcopic training has become the foundation for cervical cancer screening and evaluations in North American residency training programs [32] [33], the concept of low technology, single visit screening and treatment has been an active area of investigation internationally for the past twenty years [34] .
In the mid-1990s, the use of LEEP versus laser for treatment of cervical preinvasive disease was prospectively examined in one study in Peru where women were randomized to one of these two treatment options. Factors predisposing to failure to adequately treat included depth of surgical defect, grade of lesion, and operator's expertise. In this study LEEP was faster, less costly, and required less expertise in developing countries [34] . Adequacy of margin status of cone biopsy and LEEP was evaluated by the level of training and sub-specialization [35] . Sub-specialists had a 5 percent positive margin status compared to a 16% and 22% positive margin status of residents and generalist respectively. This data supports the importance of appropriate and adequate training even for this minor procedure.
Complications can occur with minor surgery. Complication rates are directly associated with volume of surgery and level of training. In a review of 293 conizations performed by residents, major complications of cervical stenosis and heavy bleeding occurred in 20% of cold knife cones and 65% of laser excisions [36] . An analysis of thirty-two original research articles on the safety of cryotherapy and LEEP excision in LMICs performed between January 1995 and April 2009 analyzed a combined sample of 6,902 women treated by cryotherapy and 4524 women treated by LEEP. Countries in Asia and Africa were the most common locations. Short-term complications from cryotherapy and LEEP appeared similar to rates in high-income countries [37] .
Discussion
Significance of Minor Surgery
Minor surgery is a cornerstone of diagnosis and treatment in the field of gynecology. Women can present throughout their life cycle with symptoms of pelvic pain, visible and palpable growths, lesions, and ulcers in the female lower genital tract. Internationally, one third of visits to gynecologists are due to abnormal and irregular bleeding from the lower genital tract [16] . Practitioners who care for women are challenged to understand the etiology of particular signs and symptoms and to develop appropriate treatment plans.
The ability to evaluate and diagnose basic gynecologic conditions requires expertise in colposcopic evaluation, minor surgical procedures, and in diagnostics imaging [32] [38] . There is compelling evidence that complications rise when surgical procedures are performed by inexperienced and low volume surgeons [39] .
Training
Residency Training programs in Obstetrics and Gynecology must include training in ultrasound, and minor surgical procedures [40] . In the United States, the requirements for minor surgical training are outlined in the educational objectives and competency requirements of residency programs [5] [41] . Despite the implementation of residency work hour restrictions, the overall surgical volume during training has been stable over the past five years. Interestingly, there has been a 16 percent increase in minor surgical procedures in some American residency programs [42] . Likewise, the majority of minor surgeries have been safely performed in the outpatient setting in the United States since the 1980s [43] . There are variations such as a reduction in cone biopsy experience that may mirror the increasing use of LEEP excision [44] .
It is important to note that for many established programs, evaluation of the success of residency training has changed from a time-based metric to one determining the competency of trainees in multiple areas ranging from knowledge, analysis of data, development of treatment plans, to skills. The competency-based model of medical training with evidence-based evaluations is difficult to transfer to programs in low-income countries [45] .
Challenges in LMICs
Programs in LMICs face many challenges to the training of their students and residents. These challenges range from lack of appropriate diagnostics tests, lack of equipment needed to performing biopsies and minor surgeries, to lack of funding. An evaluation of pediatric surgery training programs in eight African countries highlighted the problems of poverty, late presentation, shortage of manpower and poor facilities and support laboratories [46] . These issues can be generalized to all surgical specialties. For instance, in Ghana, despite a dire need, manual vacuum aspiration equipment is difficult to obtain due to challenges with implementing sustainable purchasing mechanisms for health provider associations [47] .
In many countries, patients must pay for their pathology, diagnostic testing and treatment. Difficult decisions about whether to spend money on a test or on an empiric treatment can guide treatment planning. In a Sierra Leone household survey of surgery and mortality, patients and families did not seek medical care because of lack of funds in 35% of cases [48] . Other challenges include a difference hierarchical structure for the performance of surgery. Students and residents may not have the opportunity to participate as a primary surgeon in surgical procedures. Thus graduating doctors must look for personal mentorship to continue their surgical training.
An analysis of barriers to care in Bangladesh identified several key issues. These included distance to health facilities and transportation costs. Other concerns were unofficial fees, lack of privacy and confidentiality and concern about the cleanliness of facilities. Quality of care issues included inadequacies in infection control and inadequacies in provider training. Finally significant under-reporting of cases by doctors occurred who do not wish to make public their unofficial fees [12] .
A final challenge is that patients often do not present to medical attention until they have a far advanced pa-thologic condition. This is due to a variety of factors including patient education or lack thereof, access to care and distance to appropriate treatment centers. Even for patients presenting with early-stage cervical cancer that could be treated with an equally effective yet less radical procedure such as a cone biopsy poor follow-up rates contribute to uncertainty about outcomes. Thus a full hysterectomy is often performed.
Evaluation of Training Programs
Annual evaluation of training programs in high-income countries is coordinated by the national obstetrics and gynecologic organizations of the particular country [5] [41] [55] . Other evaluations of specific programs have been reported by conducting online evaluations. In Canada a survey to 775 Canadian residents, fellows, and practicing physicians examined the level of training required to perform endoscopic procedures. The opinion among practicing physician was that fellowship training was necessary for advanced endoscopic skill acquisition [49] . In Spain, another survey of hysteroscopic and laparoscopic skills in 198 departments revealed that in teaching hospitals, residents were able to perform appropriate endoscopic techniques upon graduation. Overall, they reported that 90% of graduates could perform basic endoscopic techniques and 83.4% could perform advanced endoscopic procedures [50] . It is clear that surgical teaching and training are most effectively accomplished during existing training programs rather than once a graduate is in practice. If young doctors graduate with marginal surgical training, they are discouraged from implementing these surgical procedures into their daily practice. Three important factors need to be addressed in surgical teaching. First, how are the skills of students and doctors in training evaluated? Second, how many specific surgical procedures are needed for the establishment of expertise? Finally, what teaching tools are available to increase surgical skills?
The Dutch society of Obstetrics and Gynecology (NVOG-HOOG) developed a global rating scale for competence (Table 4 ) [51] . For each level of competence, the surgeon's skill set can be assessed by analyzing the various factors: respect for tissue, time and motion, instrument handling and knowledge, flow of procedure, use of assistants, and communication skills [52] [53] . Another group developed a scoring system for simulator training, which included four modules of skill evaluation: visualization, ergonomics, safety, and fluid handling [54] .
The number of surgical cases alone cannot determine competency. Complexity must also be taken into consideration. Using operative time as an indicator of expertise, one group determined that 105 to 108 cases were needed for proficiency in complex laparoscopic surgery [56] . NVOG-HOOG suggests a much lower target number for minor surgical procedures. They recommend 40 hysteroscopic cases and 10 cases for resection of polyps [51] . The German Society of Obstetrics and Gynecology has not only made recommendations on the number of cases required for expertise by the trainee, they have developed requirements for institutional qualification based on the expertise of the faculty and the number of cases performed at the institution [56] .
Models for Surgical Teaching
Solutions to training challenges have ranged from online programs, simulators, to hands on training. Table 5 summarizes the types of tools used for surgical training in LMICs. It is instructive to look at international training programs in all of the surgical specialties. An early example of an online program is FIGO's Teaching Manual on Human Reproduction. The effectiveness of this resource was analyzed through the questionnaire responses of 100 heads of teaching departments, mostly of obstetrics and gynecology from 32 LMIC countries. The most significant finding was that educator access to this teaching material allowed increased teaching to a very large number of medical and other students in these countries [57] . Another example is the American Society for Colposcopy and Cervical pathology (ASCCP)'s Home Study Course to develop colposcopic skills [58] . An e-mentoring program in radiology for residents in Nigeria discusses the formation of a community of learners who can then proceed to expand knowledge acquisition and mentoring on a local level [59] . Jhpiego, an international non-profit health organization which was started by Johns Hopkins University, has developed online training modules on the development of infrastructure in education in Obstetrics and Gynecology [60] . Computer simulation can be used to teach both basic procedural skills and cognitive knowledge [61] . Direct didactic education combined with slide sets of colposcopic lesions, training demonstrations, knowledge testing, and hands on training was accomplished to teach VIA and colposcopy to clinical medical officers in Kenya [62] . A multi-national program among postgraduate trainees in Obstetrics and Gynecology in seven LMICs (Argentina, Brazil, Democratic Republic of the Congo, India, Philippines, South Africa, and Thailand) evaluated eight-week e-modules in Obstetrics and Gynecology with assessments at baseline and 4 weeks after course completion. Higher knowledge and skill scores occurred with this electronic resource [63] .
Due to concerns about reductions in numbers of surgical cases and training work hours, simulation models have been developed and incorporated into the educational curriculum of residency programs in North America and Europe. Simulation models have been used for various procedures. Hands on training using porcine tissues for LEEP procedures have been an effective and realistic teaching modality. One study demonstrated a significantly better LEEP performance for participants after using this model and recommended that hands-on LEEP training should be incorporated into gynecology residency programs [64] . Low cost trainers for LEEP practice can be easily constructed [65] . Simulator models have become an important tool in surgical training [66] . The training capacity of a virtual reality trainer for hysteroscopy was endorsed by experienced surgeons and recommended as a training tool for surgeons-in-training [54] . One randomized trial showed a significant improvement in performance of residents after warm-up on a simulator [67] . Models have been developed to teach D&C techniques [68] . A papaya can be used for training in uterine aspiration. Ninety-two percent of trainees using this model reported high training benefit [69] . In Holland, simulator training has been incorporated into the residency curriculum in a staged and stepwise escalation of complexity and stresses the importance of developing hand eye coordination [51] . The authors identified the need to schedule time into the residency program for repetitive training.
Simulators can vary from basic home-made boxes that allow practice of hand-eye coordination to sophisticated video equipment. For hysteroscopy, models ranging from a red pepper to a porcine bladder allow students to practice basic skills such as placement of the equipment within the uterus to removal of polyps [51] [70] . Another study evaluated the use of both a written multiple-choice questionnaire and a pelvic-trainer and found the written testing improved and focused skill-set training [71] . The use of cadavers as a tool for surgical training identified this teaching modality as another effective option [72] .
A surgical curriculum was developed by the Gynaecologic Oncologists of Canada that included a pretest and a posttest. Canadian gynecologic oncologists mentored local doctors and doctors-in-training in Kenya. Seven graduated sections of the curriculum included preoperative evaluation of the patient, cone biopsy, radical hysterectomy, pelvic lymphadenectomy, ureteric injury, vascular injury, and follow-up after surgery [73] .
Short-term visits by international surgical volunteers to teach surgical skills are another mechanism for onsite training of students and doctors in training in LMICs. One group noted that the number of surgeries accomplished was three times higher and more complex during international surgical teaching in a Gambian teaching hospital. They concluded that short term visits allowed an opportunity to train both students and local staff [74] . In a see-and-treat cervical cancer screening program for HIV positive women in Zambia, physicians were trained to perform LEEP excisions through a four step program: didactic sessions, simulator models, observation, and supervised performance [75] . Complications rates for LEEP excisions by clinical officers in Kenya were evaluated as part of an assessment of training needs [76] . Fifty-two percent of women had mild symptoms of bleeding, discharge, and pain one week after the procedure. There were no severe complications.
Another program in Tanzania developed new student rotations in obstetrics and surgery at a busy rural teaching hospital which led to increased training of students in operative obstetrics by supervised hands on surgical cases [77] . In East, Central, and Southern African regions, candidates can obtain advanced general surgical training after being in general practice for an average of three years after medical school [9] . The College of Surgeons of East Central and Southern Africa (COSECSA) has developed a "college without walls" to train medical officers using all available resources such as regional, missionary and district hospital. There is consideration of increasing mentoring through electronic outreach to improve surgical skills [9] . The Central America Gynecologic Oncology Education Program (CONEP) provides educational programs utilizing biannual didactic lectures and surgical training by visiting gynecologic oncologists in six Central American countries [78] . In Guyana, the ministry of health developed an onsite Diploma in Surgery program in surgery and requested the help of visiting faculty from Canada [79] . This program developed a twenty-four module, two-year course of study using both visiting staff and local faculty, which has increased the standardization of surgical care in Guyana. The Pan-African Academy of Christian surgeons (PAACS) has developed a five-year American competency based model of surgical training and has established six training programs in four countries [80] .
While residents-as-teachers are common in programs in high resource countries, this is a rare modality of teaching in Asian and developing countries. Programs both in India and Iran have harnessed the education of senior medical residents with also utilizing senior residents as teachers of medical students and junior residents [81] [82]. The programs involve teaching-method workshops for the residents.
Conclusion
Care of women requires competent and safe obstetrics, management of infertility, evaluation, diagnosis and treatment of benign gynecologic conditions, cancer screening, and cancer care. Intensive worldwide efforts at low cost cervical cancer screening are now well established. Many innovative and creative modalities for education and training are available and most are transferable to low resource environments. These resources, however, are underutilized due to lack of funding and well-trained personnel. Cervical cancer screening serves as an ideal model for initiating effective training programs in minor surgery, and also provides an opportunity to have an incredible impact on reducing mortality worldwide. As early-stage cervical cancers are identified through these low-cost and low-tech screening programs, it has become crucial to train local providers in minor surgery as well as to create centers for more sophisticated cancer care. As these training programs take root, the great disparities in fertility preservation and cancer care for women between developed countries and LMICs will diminish.
